Data Envelopment Analysis (DEA) Approach is used to estimate the overall, pure technical and scale efficiencies for Malaysian commercial banks during the period 2000-2006. The results suggest that domestic banks were relatively more efficient than foreign banks. Our results also suggest that domestic banks' inefficiency were attributed to pure technical inefficiency rather than scale inefficiency. In contrast, foreign banks inefficiency is attributed to scale inefficiency rather than pure technical inefficiency. The study further examines whether the domestic and foreign banks are drawn from the same environment by performing a series of parametric and non-parametric tests. The results from the parametric and non-parametric tests suggest that for the years 2000-2004, both domestic and foreign banks possessed the same technology whereas results for 2005 and 2006 suggest otherwise. This implies that banks in recent years have had access to different and more efficient technology.
Introduction
The banking system plays an important role in the economic development of any country. Commercial banks, which are the main component of the banking system, have to be efficient otherwise they will create maladjustments and impediments in the process of development in any economy. Technological advancements and globalisation have added to the pressure on the part of the banks to maintain market shares so as to survive and remain competitive. Competition from foreign banks as well from domestic banks themselves creates greater pressure. Commercial banks in Malaysia are of no exception. Therefore not only do commercial banks need to be profitable, but also efficient, since banks are exposed to intense competition both locally and globally. The basic benefit to enhanced efficiency is a reduction in spreads between lending and deposit rates and this will likely stimulate both greater loan demand for industrial investment and greater mobilization of financial savings through the banking system (Ikhide, 2000) . employs the non-stochastic approach-Data Envelopment Analysis (DEA) to estimate the technical and scale efficiency of Malaysian commercial banks. We also analyse the sources of inefficiency of these commercial banks, both domestic and foreign banks. The results of this study would be helpful to policy makers as well as scholars and researchers in finance and banking.
The paper is structured as follows: Section 2 will discuss efficiency measurement in banking followed by data and specifications of bank input and outputs in Section 3. Empirical findings are discussed in Section 4 while conclusions are drawn in Section 5.
Efficiency Measurement in Banking
In the banking literature, two major methods for the empirical estimation on bank efficiency are frequently used: parametric and non-parametric approaches. Parametric methods are considered more sophisticated compared to the non-parametric approach since the method is able to incorporate both input allocative and technical efficiencies. The two main methods frequently used are the Stochastic Frontier Approach (SFA) and the Distribution Free Approach (DFA).
The stochastic frontier approach (SFA), sometimes also referred to as the econometric frontier approach (EFA), was developed by Aigner, Lovell and Schmidt (1977) , and Meeusen and Van den Broeck (1977) . In this approach, the SFA specifies a functional form for the cost, profit or the production frontier and allows for random error. The SFA modifies a standard cost (production) function to allow inefficiencies to be included in the error term. The predicted standard cost function is assumed to characterize the frontier while any inefficiency is captured in the error term, which is by construction orthogonal to the predicted frontier. These assumption force any measured inefficiencies be uncorrelated with the regressors and any scale or product mix economies derived linearly from these explanatory variables (Ferrier and Lovell, 1990) .
Another assumption needed in the SFA is to distinguish the inefficiencies from random components of the error terms. The random components include short term luck which place individual banks in relatively high or low cost positions and measurement error from excluded explanatory variables, misspecification etc. These two components are separated by assuming that inefficiencies are drawn from asymmetric half-normal distribution, and that random errors are drawn from a symmetric normal distribution. However, it is not possible to decompose individuals' residuals into inefficiency or random variation; therefore, estimating technical inefficiency by observation is impossible. Okuda et. al., (2003) used SFA to estimate the cost function of the Malaysian commercial banks from 1991-1997 and its impact on bank restructuring. The study observed economies of scale but not economies of scope and suggested that Malaysian domestic banks were making unproductive capital investments.
In the distribution-free approach (DFA), a functional form for the frontier is also specified but inefficiencies are separated from random error in a different way. Unlike the SFA, the DFA makes no strong assumptions regarding the specific distributions of the inefficiencies or the random errors. The identifying assumption is that efficiency of each bank is stable over time, while random errors tend to average out over time. The estimates of inefficiency for each bank in a panel data set is then determined as the difference between its average residual and the average of the bank on the frontier with some truncated measure performed to account for the failure of the random error to fully average out. The truncation procedure is similar to the TFA treatment of outliers. Therefore, the truncation procedure is used to remove some of the effects of the extreme observations by treating all the most efficient firms alike and, similarly, all the most inefficient firms alike. The DFA has been applied to banking by Berger (1993) in the study of the US banking industry. He found that the frequency distribution of inefficiencies appeared to be closer to the shape of symmetric normal distribution than an asymmetric half-normal distribution. Yildrim and Philippatos (2007) used both SFA and DFA to examine the cost and profit efficiency of banking sectors in twelve countries in Europe and found that the average cost efficiency level was 72 percent by DFA and 77 percent by SFA.
The second approach used in estimating bank efficiency, the non-parametric methods on the other hand, do not presume any explicit functional form for the frontier and construct it from the observed input-output ratios using mathematical programming techniques. The main method frequently used is the Data Envelopment Analysis (DEA).
DEA is rooted in the work of Farell (1957) , who used the economic concept of the production frontier and the production possibility set to define technical and allocative efficiencies and later proposed measures of relative inefficiencies. DEA was first introduced by Charnes, Cooper and Rhoades (1978) to describe an application of mathematical programming to observe data to locate the frontier which can then be used to evaluate the efficiency of each of the organizations responsible for the observed output and input quantities.
DEA is based on the concept of efficiency that has been widely used in engineering and the natural sciences to measure the amount of work performed by a machine in relation to the amount of energy consumed in the process. The concept of DEA is similar to that of technical efficiency in the microeconomic theory of production. However, the main difference is that the DEA production frontier is not determined by some specific equation; instead it is generated from the actual data for the evaluated firms. Therefore, the DEA efficiency score for a specific firm is defined not by an absolute standard but is relative to the other firms under consideration. This feature differentiates DEA from the parametric approaches discussed earlier, which require a specific functional form. DEA also assumes that all firms face the same unspecified technology, which defines their production possibility set. The main objective of DEA is to determine which firms are operating on their efficient frontier and which firms are not. If the firm's input-output combination lies on the DEA frontier, the firm is considered efficient; and the firm is considered inefficient if the firm's input-output combination lies inside the frontier.
Consider a general situation where we have n decision making units (DMUs) and each consumes the same m inputs to produce the same s outputs. Precisely, DMU j uses x ij (I = 1, 2, 3…., m) of input i to produce y rj (r = 1, 2……, s) of output r assuming that x ij > 0 and y rj > 0 (Seiford and Thrall, 1990) . The specific DMU being evaluated has to solve the following optimization problem: for i = 1,2, …., m; r = 1, 2,…. s; j = 1, 2, …., n. where h o is the ratio of virtual outputs to virtual inputs, the u r 's and the v j 's are the variables and the y ro 's and the x jo 's are the observed output and input values of the DMU to be evaluated. A set of normalizing constraints guarantees that no DMU, including the one evaluated, can obtain an efficiency score that exceeds unity. Thus, DEA establishes a benchmark efficiency score of unity that no individual firm can exceed. If the efficiency score h o = 1, DMU o satisfies the necessary condition to be DEA efficient; otherwise it is DEA inefficient.
The basic DEA model (CCR model) implied the assumption of constant returns to scale. This assumption was later relaxed to allow for the evaluation of variable returns to scale and scale economies. Specifically, the efficient frontier may be derived using four alternative returns to scale assumptions; constant returns to scale (CR); variable returns to scale (VR), non-increasing returns to scale (NI); and non-decreasing returns to scale (ND). Yue (1992) defined the following assumptions. A bank exhibits increasing returns to scale (IRS) if a proportionate increase in inputs and outputs places it inside the production frontier. A bank exhibits constant returns to scale if a proportionate increase or decrease in inputs or outputs move the firm either along or above the frontier. A bank which is not on the frontier is defined as experiencing non-increasing returns to scale if the hypothetical bank with which it is compared exhibits either constant (CRS) or decreasing returns to scale (DRS). A similar definition applies for non-decreasing returns to scale. A firm which is efficient under the assumption of variables returns to scale (VRS) is considered technologically efficient; the VRS score represents pure technical efficiency (PT), whereas a firm which is efficient under the assumption of constant returns to scale (CRS) is technologically efficient and also uses the most efficient scale of operation. Aly et. al., (1990) , suggests that from the measures of technical (T) and pure technical (PT) efficiency, it is possible to derive a measure of scale efficiency:
where 0 S 1 since CR VR. If the value of S equals 1, the firm is scale efficient and all values less than 1 reflect scale inefficiency. If scale inefficiency exists (S < 1), the source of inefficiency is the result of operating at either increasing (NI < VR) or decreasing (NI = VR) returns to scale.
There are a number of studies examining relative efficiency using DEA ( The study found that finance companies were more efficient than merchant banks and that the inefficiency was the result of pure technical inefficiency rather than scale inefficiency. Using DEA to examine the efficiency effects of bank mergers and acquisition in Malaysia, Sufian (2004) found that Malaysian banks exhibited a commendable overall efficiency level of 95.9 percent during 1998-2003 which indicates that the merger programme was successful.
Data and Specification of Bank Inputs and Outputs
This study includes all commercial banks where data is available. 9 domestic banks and 13 foreign banks were included (See Table 1 ). The annual balance sheet and income statement used were taken from BANKSCOPE -Fitch's International Bank Database.
The evaluation of bank efficiency creates several problems which arise as a result of the nature and function of financial intermediaries, especially as banks are multi-product firms that do not produce or market physical products. One of the major problems in the study of bank efficiency is the specification of bank inputs and outputs. There has been long-standing disagreement among researchers over what banks produce. The most debatable issue is the role of deposits and, more specifically, whether they should be treated as inputs and/or outputs. Some researchers such as Elyasiani and Mehdian (1990), and Lang and Welzel (1996) , treat them as inputs, but researchers such as Berger and Humphrey (1991), and Ferrier and Lovell (1990) , treat deposits as outputs while other researchers such as Humphrey (1990) and Aly et. al., (1990) treat them simultaneously as inputs and outputs.
Generally, there are two ways of measuring bank outputs; the production approach and the intermediation approach. Under the production approach, banks produce accounts of various sizes by processing deposits and loans, and incurring capital and labour costs. Thus, in this approach, outputs are measured by the number of deposits and loan accounts or the number of transactions performed on each type of service provided, and costs are the operating costs needed to produce these products.
Under the intermediation approach, banks are treated as financial intermediaries that combine deposits, labour and capital to produce loans and investments. The values of loans and investments are treated as output measures; labour, deposits and capital are inputs; and operating costs and financial expenses comprise total cost.
The choice of input and output variables thus constitutes a major difficulty, which must be addressed carefully. Such choice however, will be influenced by a number of factors, such as, the selected concept of the banking firm and the questions under consideration. The availability of reliable information also has some effect on the measures used in published research on this topic. Moreover, whether products should be measured in terms of the number of accounts or dollar values depends on the various reasons being considered. For example, Kolari and Zardkoohi (1987) , prefer to use dollar values for three reasons: Firstly, banks compete to increase the market share for dollar amounts, as opposed to the number of accounts; secondly, different accounts have different costs; for example, demand deposit accounts might be more costly to maintain than time deposit accounts (although, if these accounts were to have the same costs, then the use of the number of accounts would be equivalent); finally, banks are multi service firms and the dollar amount is the only common denominator; for example, securities investments cannot be measured in terms of number of accounts.
This study uses the intermediation approach to define bank inputs and outputs. Accordingly, two inputs and one output are used consisting of:
Y: Total Earning Assets X 1 : Total Deposits X 2 : Total Overhead Expenses Table 2 presents the descriptive statistics of outputs and inputs used in the study.
Empirical Findings
All computation was performed using the DEAFrontier program. The efficiency of commercial banks in Malaysia was first examined by applying the DEA approach for each year by using a separate frontier for domestic and foreign banks. Table 3 reports the mean, standard deviation and extreme values of the various efficiency scores for the groups of banks: domestic and foreign banks for all years 2000-2006. For each year, our results suggest that domestic banks exhibited higher mean overall efficiency (88.7 percent) compared to their foreign counterparts (73.3 percent). Our results also suggest that domestic bank inefficiency were attributed to pure technical inefficiency rather than scale inefficiency. In contrast, foreign bank inefficiency is attributed to scale inefficiency rather than pure technical inefficiency.
The results for the pooled sample for domestic and foreign banks have in general confirmed our earlier findings that pure technical inefficiency is the dominant factor in influencing domestic bank inefficiency whereas scale inefficiency is the dominant factor in influencing foreign bank inefficiency. During the period 2000-2006, our results suggest that domestic banks exhibited a higher mean pure technical efficiency of 92.4 percent compared to foreign banks (91.5 percent). This suggests that domestic banks are managerially efficient in controlling costs compared to their foreign counterparts. During the period of study, domestic banks exhibited a mean overall efficiency of 88.7 percent, suggesting a mean input waste of 11.3 percent. On the other hand, mean overall efficiency for foreign banks was 73.3 percent, indicating an input waste of 26.7 percent. However, it is interesting to note that the degree of technical efficiency for domestic banks is lower than the degree of scale efficiency, which indicates that a portion of overall inefficiency is due to producing below the production frontier rather than producing on an inefficient scale.
Figures 1 and 2 depict the mean overall, pure technical efficiency and scale efficiency for commercial banks according to ownership structure for the years 2000 to 2006.
Most of the technical inefficiency exhibited by the banks stem from operating at the wrong scale; ether operating at a scale that was too large (DRS) or operating at a scale that was too small (IRS). Since the major source of inefficiency in the Malaysian commercial bank is scale inefficiency, this study then examines further the trend in the returns to scale of Malaysian commercial banks. The results are reported in Table 4 .
The results suggest that the share of scale efficient banks ( The results for all years (pooled sample) suggest that the share of domestic banks experiencing economies of scale is 46 percent and the share of domestic banks experiencing diseconomies of scale is 49 percent. A majority of foreign banks are operating at the diseconomies of scale, 93 percent compared to 3 percent operating at economies of scale.
After examining both the efficiency scores and sources of inefficiencies, we investigate further whether each group of bank, domestic and foreign banks, are drawn from the same population and whether these two groups possess the same technology: Table 5 . From the results, we failed to reject the null hypothesis for the first five years (2000) (2001) (2002) (2003) (2004) but not for the most recent years (2005 and 2006) . This suggests that banks observed in recent years have access to different and more efficient technology compared to those banks in the first five years. Therefore we can conclude that from 2005 onwards, it is appropriate to separate the samples because these two groups of banks, domestic and foreign banks, have different technologies.
Conclusion
This study attempts to investigate the efficiency of Malaysian commercial banks during the period of 2000-2006. Using A non-parametric approach Data Envelopment Analysis (DEA) methodology enabled us to distinguish between technical, pure technical and scale efficiencies. We have run tests for each year, for domestic banks, foreign banks, and for all banks for all years.
The results suggest that the mean overall or technical efficiency improved during the period under investigation. Overall, for all the years (2000) (2001) (2002) (2003) (2004) (2005) (2006) , pure technical efficiency dominates the scale efficiency effects in determining the Malaysian commercial banks overall or technical efficiency. This is confirmed by the overall results (2000) (2001) (2002) (2003) (2004) (2005) (2006) , pure technical efficiency is 89.3 percent and scale efficiency is 79.4 percent.
During the period of study, we found that overall or technical efficiency of domestic banks was 73.3 percent, slightly higher than the foreign banks overall or technical efficiency (70.9 percent). The results suggest that domestic banks pure technical efficiency is lower than the degree of scale efficiency implying that during the period of study, domestic banks have been inefficient in controlling their costs rather than operating at the wrong scale. In contrast, foreign bank pure technical efficiency is higher than scale efficiency indicating that foreign banks were operating at the wrong scale of operations rather than producing below the production frontier.
Further investigation indicates that banks observed in recent years have access to different and more efficient technology compared to that in the first five years. Therefore we can conclude that from 2005 onwards, it is appropriate to separate the samples because these two groups of banks, domestic and foreign banks, have access to different technologies and environment. 
